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Specification 
1 . Title of the invention 

A manufacturing method for Ti02 powder 

12 

2 . Scope of patent claims 

(Claim 1) A manufacturing method for Ti0 2 powder in which 
the Ti0 2 powder is a material in which aluminum has been 
uniformly substituted into the titanium position of the 
Ti02 crystal, in which the content of the aluminum in the 
titanium positions is 0.01% - 0.5%, and in which, after 
obtaining a water-soluble composite carboxylic acid ester 
complex oligomer by forcing a reaction with 

(a) an oxypolycarboxylic acid, 

(b) a polyol compound, and 

(c) a complex alkoxide that has a ( -Ti-O-Al-O-Ti- ) chemical 
bond, the solution of this composite carboxylic acid ester 
complex oligomer is subjected to spray pyrolysis. 

(Claim 2) A manufacturing method for Ti0 2 powder as noted in 
Claim 1, in which said solution of the composite carboxylic 
acid ester complex oligomer is subjected to spray pyrolysis 
within an atmosphere with a temperature of 500°C - 850°C. 
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(Claim 3) A manufacturing method for Ti0 2 powder as noted in 
Claim 1 or Claim 2, in which said Ti02 powder is for use in 
photochemical reactions. 

3 . Detailed description of the invention 
(0001) 

(Technical field of the invention) The present invention 
relates to a manufacturing method for Ti0 2 powder, and in 
particular, it relates to a manufacturing method for Ti0 2 
powder for use in photochemical reactions in order to 
efficiently generate a photochemical reaction such as 
photocatalysis or photosynthesis. 

(0002) 

(Prior art) When Ti0 2 is subjected to photoexcitation, there 
will be separation and generation of electrons and holes, 
resulting in strong oxidation and reduction activity on the 
surrounding material. By utilizing this activity, it is 
possible to perform oxidation and reduction of water, as 
well as decomposition, sterilization or organic synthesis 
of hazardous substances. Conventionally, it is said that 
Ti0 2 , which has a large specific surface area and which as a 
large degree of crystallization, shows high efficiency 
photochemical reactions. As shown below, a variety of 
synthesis methods have been studied. 
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(1) Titanium alkoxide is decomposed in toluene, after which 
water content is supplied from the gas phase within an 
autoclave to perform hydrolysis, and simultaneously, to 
grow the crystals. 

(2) Ti0 2 is placed within the layers of a laminated clay 
compound. 

(3) A Ti0 2 powder that has a tunnel structure and that uses 
potassium titanate as a raw material is synthesized. 

(4) A Ti0 2 powder is synthesized by utilizing the reverse 
intramicellar water phase. 

(5) Also, recently, there have been attempts at improving 
the efficiency by doping or coating the Ti0 2 with various 
oxide compounds other than Ti0 2 , and the Ti0 2 can be doped 
or coated using either a potassium compound and/or both a 
phosphorous compound and an aluminum compound. 

(0003) 

(Problem to be solved by the invention) However, in 
conventional Ti0 2 powder with fine crystalline properties 
and a high degree of crystallization, the agglutination 
will progress more as the size of the primary grains is 
reduced, resulting in worsened dispersion of the reaction 
product, and in addition to problems with a degradation of 
the catalyst properties per unit surface area, there will 
also be increased degradation as a result of heating. Also, 
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in order to resolve the above types of problems, it is 
possible to use the method in which the ultrafine Ti02 
grains are not agglutinated, but instead are supported on a 
carrier. However, in this method, it is not possible to 
improve the catalyst activity properties per unit weight or 
the area, including the carrier. Also, while it might be 
considered possible to use Ti0 2 grains with different shapes 
other than round, such as rod shaped grains, but in this 
method, while it is possible to achieve new functionality, 
such as selectivity of the reaction, there are problems in 
that there will be no improvement of the catalyst activity 
itself. Further, in conventional methods, there are 
problems in that there may not be uniform or sufficient 
substitution of the aluminum compound into the titanium 
positions in the Ti0 2 crystal, preventing realization of the 
addition efficacy. 

(0004) As a result, the main aim of the present invention 
is to provide a manufacturing method for TiC>2 powder in 
which it is possible to manufacture a Ti0 2 powder with 
dramatically high catalyst activity per unit area. 

(0005) 

(Means for solving the problem) In the manufacturing method 
for Ti0 2 powder according to the present invention, in order 
to resolve the above technical problems, the means as 
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described below are used in order to ensure accurate and 
uniform substitution of aluminum into the titanium 
positions in the Ti0 2 crystal. The manufacturing method for 
Ti0 2 powder according to the present invention is a 
manufacturing method for Ti02 powder in which the Ti02 
powder is a material in which aluminum has been uniformly 
substituted into the titanium position of the Ti0 2 crystal, 
in which the content of the aluminum in the titanium 
positions is 0.01% - 0.5%, and in which, after obtaining a 
water-soluble composite carboxylic acid ester complex 
oligomer by forcing a reaction with (a) an 
oxypolycarboxylic acid, (b) a polyol compound, and (c) a 
complex alkoxide that has a (-Ti-O-Al-O-Ti-) chemical bond, 
the solution of this composite carboxylic acid ester 
complex oligomer is subjected to spray pyrolysis. In the 
manufacturing method for Ti0 2 powder according to the 
present invention, for instance, the solution of the 
composite carboxylic acid ester complex oligomer is 
subjected to spray pyrolysis within an atmosphere with a 
temperature of 500°C - 850°C in order to obtain a Ti0 2 
powder for use in photochemical reactions. 

(0006) In order to ensure substitution of the aluminum into 
the titanium positions in the resultant Ti0 2 crystal, first, 
prior to forcing the reaction with oxypolycarboxylic acid 
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and the polyol compound, it will be necessary to have a 
precursor that has a ( -Ti-O-Al-O-Ti- ) chemical bond. In 
general, when generating a precipitate by adding an 
alkaline precipitation agent to a mixed solution of Ti 4+ and 
Al 3+ , the pH at which the Ti 4+ and Al 3+ precipitate will be 
generated will be different, so the precipitate from Ti 4+ 
will be generated at a low pH, and then, when the pH is 
high, the precipitate from Al 3+ will be generated. Therefore, 
in the general method, there will be a mixed precipitate of 
titanium (Ti (0H 4 ) ) and of aluminum (A1(0H) 3 )), so it will 
not be possible to obtain the target ( -Ti-0-Al-O-Ti- ) 
chemical bond. According to the present invention, Ti 
alkoxide and Al alkoxide are used, and by using the small 
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amount of water content that is contained within the 
solution, it will be possible to synthesize a composite 
alkoxide that has a ( -Ti-O-Al-O-Ti- ) chemical bond as it is 
generated during the reflux of the partial hydrolysis and 
polycondensation reaction. However, there are disadvantages 
in that the resultant composite alkoxide is sensitive in 
relation to water content, and there will be a reaction 
with the water content, resulting in the formation of a gel. 
According to the present invention, in order to ensure a 
stable form in relation to water content, the instability 
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of the water-soluble composite alkoxide solution is 
improved by synthesizing a water-soluble composite 
carboxylic acid ester complex oligomer through a reaction 
with oxypolycarboxylic acid and a polyol compound. Also, 
this composite carboxylic acid ester complex oligomer can 
be reacted with the alkoxy group of the composite alkoxide 
and with the -COOH group of the carboxylic acid, forming - 
COOTi-0-Al (COO) 0-TiOOC-, and it can be reacted with the - 
OH group of the polyol and the -COOH group of the 
carboxylic acid to form an ester resin (oligomerization) , 
resulting in a material that is stable in relation to water 
content, and ensuring that there will be no destruction of 
the -Ti-0-Al-O-Ti- chemical bond. 

(0007) In terms of the oxypolycarboxylic acid that can be 
used in the present invention, citric acid is the most 
representative acid, but additionally, it is possible to 
use carboxylic acids such as malic acid, mesotartaric acid, 
gluconic acid, or meconic acid. The Ti alkoxide can be 
represented by the general Ti(OR) 4 (where R represents an 
alkyl group, such as C n H 2n +i) alkoxide, such as Ti(OMe) 4 

(where OMe represents a methoxy group), Ti(OEt)4 (where OEt 
represents an ethoxy group), Ti(OPr n ) 4 (where OPr n 
represents a normal propoxy group), Ti(OPr 1 ) 4 (where OPr 1 
represents an isopropoxy group), Ti(OBu n ) 4 (where OBu n 
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represents a normal butoxy group), Ti(OBu sec ) 4 (where OBu sec 
represents a secondary butoxy group), or Ti (OBu tert ) 4 (where 
0Bu tert re p resen ts a tertiary butoxy group) , but it is not 
limited to these alkoxides. Also, the Ti alkoxide can be 
represented by Ti (OR) 4 _ n (acac) n , so it is possible to also 
use alkoxides in which part of the OR of the above Ti(OR) 4 
has been substituted by acac. Further, the Ti alkoxide can 
be represented by Ti (OR) 4 _ n (RCOO) n , so it is also possible to 
use alkoxides in which part of the OR of the above Ti(OR) 4 
has been substituted by an aliphatic acid. Also, the Ti 
alkoxide can be represented as Ti (OR) 4 _ n (alkanolamine) , so 
it is also possible to use alkoxides in which part of the 
OR of the above Ti (OR) 4 has been substituted by alkanolamine. 
The alkanolamine can be represented by the general form 
NH 2 (ROH), NH(ROH) 2 , or NH(ROH) 3 , where R is an alkyl group 
that can be represented by C n H 2n . Examples of the 
alkanolamine include, for instance, TEA (triethanol amine) , 
DEA (diethanol amine) , or MEA (monoethanol amine) , but it 
is not limited to these alkanolamines . The Al alkoxide can 
be represented by the general Al (OR) 3 (where R represents an 
alkyl group, with the form of C n H2 n +i) alkoxide, such as 
Al(OBu n ) 3 (where OBu n represents a normal butoxy group), 
Al(OBu sec ) 3 (where OBu sec represents a secondary butoxy group), 
Al(OBu tert ) 3 (where OBu tert represents a tertiary butoxy 
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group), Al(OPr n ) 3 (where OPr n represents a normal propoxy 
group), Al(OPr x ) 3 (where OPr 1 represents an isopropoxy 
group), Al(OEt) 3 (where OEt represents an ethoxy group), or 
Al(OMe) 3 (where OMe represents a methoxy group), but it is 
not limited to these alkoxides. Also, the Al alkoxide can 
also be represented by Al (OR) 3 _ n (acac) , so it is also 
possible to use an alkoxide in which one part of the OR of 
the above Al (OR) 3 has been substituted with acac. For the 
polyol compound, it is possible to use ethylene glycol, 
propylene glycol, diethylene glycol, dipropylene glycol, 
polyethylene glycol, polypropylene glycol, triglycol, 
tetraethylene glycol, 1,4-butane diol, hexylene glycol, or 
octylene glycol, as well as the desired polyvalent alcohol 
such as tertiary alcohols such as glycerin, quaternary 
alcohols, or quinary alcohols either alone or in 
combinations. Also, for the temperature to synthesize the 
water-soluble composite carboxylic acid ester complex 
oligomer via esterif ication, a temperature at which the 
oxycarboxylic acid will not decompose should be used, which 
is normally a temperature of 140°C or less, but it is 
optimal to perform the synthesis within a temperature range 
of 100°C - 130°C. If a temperature of 140°C is exceeded, 
the polymerization reaction will proceed too far, resulting 
in an increase in the viscosity of the reaction solution 
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and resulting in a viscous product that could cause 
obstructions in later processes. 

(0008) Further, according to the present invention, the 
resultant water-soluble composite carboxylic acid ester 
complex oligomer solution contains no catalytic poisons 
such as CI" or S0 4 2 ", so there will be no worsening of the 
catalytic activity of the resultant Ti0 2 powder. Also, 
according to the present invention, the Ti0 2 powder is 
synthesized using a spray pyrolysis method, and the water- 
soluble composite carboxylic acid ester complex oligomer 
solution will reach the recovery part within approximately 
1 second after being sprayed within the pyrolysis furnace, 
so the heat history duration will be exceedingly short, 
making it possible to ensure that there will be little 
agglutination with no grain growth of the grains, and to 
obtain an exceedingly fine Ti0 2 powder. 

(0009) The above aims of the present invention, the other 
aims, the properties and advantages will become more clear 
from the following detailed explanation of the example of 
embodiment of the present invention. 

(0010) 

(Example of embodiment of the invention) (Example of 
embodiment) MeOC 2 H 4 OH (where Me represents a methyl group) 
was added to mixed alkoxide solutions in which Ti(OPr 1 ) 4 
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(where OPr 1 represents an isopropoxy group) and Al(OPr 1 ) 3 
(where OPr 1 represents an isopropoxy group) were mixed at 
various ratios, and the reaction was forced at 115°C, after 

/4 

which the C3H7OH that was generated in the alcohol exchange 
reaction was removed through distillation to obtain a 
composite alkoxide with a (-Ti-0-Al-O-Ti-) chemical bond. 
Also, citric acid was prepared as one type of 
oxypolycarboxylic acid, and ethylene glycol was prepared as 
one type of polyol compound. Next, the compounds were added 
to the reaction vessel such that the mole ratio for 
(Ti+Al) : citric acid : ethylene glycol would be 1.0:1.5:1.0, 
and the reaction vessel was set in an oil bath. While 
stirring the material at 125°C, the reaction was forced for 
3 hours to synthesize the water-soluble composite 
carboxylic acid ester complex oligomer solution. Pure water 
was added to the resultant water-soluble composite 
carboxylic acid ester complex oligomer solution to dilute 
the solution, preparing a solution with a Ti0 2 concentration 
of 0.25 mol/1. The prepared composite carboxylic acid ester 
complex oligomer solution was sprayed in nebulized form 
within a pyrolysis furnace that was heated to 550°C in 
order to perform thermal decomposition, resulting in the 
synthesis and recovery of the Ti0 2 powder. An X-ray 
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diffraction analysis was performed on the resultant Ti0 2 
powder, the SSA (specific surface area) was measured, and 
then the material was suspended within a C 2 H 5 OH-H 2 solution, 
after which H 2 PtCl 6 was added and the material was 
irradiated with light from a high-pressure mercury lamp to 
deposit the Pt onto the Ti0 2 powder. Then, while continuing 
to irradiate the light, the amount of hydrogen gas that was 
generated was measured. Table 1 shows the SSA measurement 
results for these materials, and Table 2 shows the 
measurement results for the amount of hydrogen gas that was 
generated. 

(0011) (Comparative example) A mixed aqueous solution 
containing a dissolution of TiO(N0 3 ) 2 and A1(N0 3 ) 3 was 
sprayed in nebulized form within a pyrolysis furnace that 
was heated to 550°C in the same manner as was used in the 
example of embodiment in order to perform thermal 
decomposition, resulting in the synthesis and recovery of 
the Ti0 2 powder. The Al doping amount was 0.20 mol%. An X- 
ray diffraction analysis was performed on the resultant 
Ti02 powder, the SSA was measured, and then the material 
was suspended within a C 2 H 5 OH-H 2 solution, after which 
H 2 PtCl 6 was added and the material was irradiated with light 
from a high-pressure mercury lamp to deposit the Pt onto 
the Ti0 2 powder. Then, while continuing to irradiate the 
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light, the amount of hydrogen gas that was generated was 
measured. Table 1 shows the SSA measurement results, and 
Table 2 shows the measurement results for the amount of 
hydrogen gas that was generated. 

(0012) Also, as a reference Ti0 2 powder, a standard p-25 
(Nippon Aerosil) Ti0 2 powder was used as a high efficiency 
catalyst, and a high specific surface area Ti02 powder that 
was synthesized using the sulfuric acid method was used, 
where Table 1 shows the SSA measurement results for these 
materials, and Table 2 shows the measurement results for 
the amount of hydrogen gas that was generated from these 
materials . 



14 



(0013) 
(Table 1) 



Ti0 2 powder 


SSA (m 3 /g) 


Al-0.00 mol% 


100 


Al-0.05 mol% 


100 


Al-0.10 mol% 


101 


Al-0.15 mol% 


100 


Al-0.20 mol% 


99 


Al-0.25 mol% 


98 


Al-0.40 mol% 


100 


Al-0.50 mol% 


102 


Al-1.00 mol-< 


100 


p-25 


52 


Using the sulfuric acid method 


290 


Comparative example (Al-0.20 mol%) 


100 
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(0014) 
(Table 2) 



Ti0 2 powder 


Amount of hydrogen 
that was generated 
(mM/m 2 /H) 


Al-0.00 mol% 


0.49 


Al-0.05 mol% 


0.64 


Al-0.10 mol% 


1.49 


Al-0.15 mol% 


1.51 


Al-0.20 mol% 


1.53 


Al-0.25 mol% 


1.49 


Al-0.40 mol-rr 


1 .34 


Al-0.50 mol% 


1.29 


Al-1.00 mol% 


0.45 


p-25 


0.47 


Using the sulfuric acid method 


0 . 12 


Comparative example (Al-0.20 mol%) 


0.26 



(0015) As is clear from the results shown in Table 2, when 
the amount of Al substitution is 0 mol%, an equivalent 
amount of hydrogen generation capacity is shown as is shown 
by the p-25 Ti02 powder, and as the amount of Al 
substitution is increased, the substitution efficacy will 
become apparent, with an increase in the hydrogen 
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generation capacity. When the amount of Al substitution is 
0.20 - 0.25 mol%, the efficacy reaches a maximum. When the 
amount of Al substitution is 0.40 - 0.50 mol%, there is a 
trend for a slight reduction in the efficiency, but in 
comparison to the p-25 Ti02 powder, which is a standard 
photocatalyst, the efficiency was still almost three times 
greater. When the amount of Al substitution exceeded 0.50 
mol%, there was a rapid decrease in efficiency, with a 
corresponding reduction in the catalytic activity. Based on 
these results, it is believed that the optical Al 
substitution amount will be 0.05 - 0.50 mol%, or in other 
words, it is believed that it is preferable for the content 
of the Al in the Ti positions to be within the range of 
0.05 - 0.50%. 

/5 

(0016) The p-25 Ti0 2 powder is a Ti0 2 powder that can be 
obtained using the method to perform pyrolysis by spraying 
vapor of TiCl4 into a pyrolysis furnace. The TiC>2 powder 
that was obtained using the sulfuric acid method was 
obtained using the wet method as achieved through 
hydrolysis of TiOSCM. When comparing the catalytic activity 
of the three types of Ti0 2 powder that contained no Al 
doping (© the type according to the method of the present 
invention, © p-25, and © the type according to the sulfuric 
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acid method) , the sequence will be the Ti0 2 powder according 
to the method of the present invention > the p-25 Ti02 
powder > the Ti02 powder according to the sulfuric acid 
method. According to the analysis results of the X-ray 
diffraction of these materials, the Ti0 2 powder according to 
the present invention and the Ti0 2 powder according to the 
sulfuric acid method were anatase, while the p-25 was a 
mixed phase (anatase + rutile) , but in actuality, the Ti02 
powder that was obtained using the sulfuric acid method 
underwent no thermal treatment, so in comparison to the 
other two types of powder, there was a low degree of 
crystallization, which could have led to this type of 
result. When doping the material with Al, there was an 
improvement in the catalyst activity, but in this case, one 
part of the Ti positions were substituted using Al, so the 
electron status on the surface was unlike that of the non- 
doped Ti02 powder, with obstruction of the re-bonding of the 
h + and e~, and as a result, it is believed that there was an 
improvement in the catalyst activity. However, when the Al 
substitution exceeded 0.5 mol%, the state was one in which 
re-bonding of the h + and e~ was easy, resulting in a 
reduction in the catalyst activity. Even in the case of the 
Ti0 2 powder that contained 0.20 mol% doping of Al, in the 
Ti0 2 powder according to the method of the present invention 
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and the Ti0 2 powder according to the method of the 
comparative example, the powder according to the method of 
the present invention showed a catalyst activity that was 6 
times greater than that of the powder according to the 
method of the comparative example. This difference is 
believed to be due to the differences in the method of 
substitution of the doped Al . Therefore, Ti0 2 powder was 
synthesized using the method according to the present 
invention and according to the method of the comparative 
example using an Al doping amount of 0.05 - 0.30 mol%, and 
a study was performed to confirm the differences by 
performing X-ray diffraction analyses of the Ti02 powder 
using the Rietveld method. Table 3 shows the results of 
these analyses. 
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(0017) 
(Table 3) 





R factor (%) 


Al (mol%) 


0 


0 . 05 


0.10 


0 . 15 


0.20 


0.25 


0.30 


According 
to the 
present 
invention 


4. 60 


4.37 


4.23 


4 . 14 


4 .10 


4.15 


4.23 


According 
to the 
comparative 
example 


4.30 


4.31 


4.35 


4.41 


4.50 


4 . 62 


4.76 



(0018) The Rietveld method is optimal for use in 
investigating the position within the crystalline structure 
of the structural elements of a material for which the 
crystalline structure has been determined, and the accuracy 
of the results can be represented by an indicator referred 
to as the R factor. The results are said to be more 
accurate as the value of the R factor falls. The R factor 
was calculated by fixing the atomic positions of the Ti and 
0, and then assuming that Al was substituted into the Ti 
positions and changing the substitution amount. As is clear 
from the results shown in Table 3, the Ti0 2 powder that was 
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obtained using the method according to the present 
invention showed the lowest R factor when the Al amount was 
0.20 mol%, indicating that all of the Al that had been 
added was present in the Ti positions. However, in the case 
of the Ti02 powder that was obtained using the method of the 
comparative example, the sample that showed the smallest R 
factor was the material with 0 mol% of Al, or in other 
words, none of the Al that was added was present in the Ti 
positions, indicating the formation of a different phase or 
indicating interstitial insertion. Therefore, when 
performing Al doping, it is clear that the catalytic 
activity is swayed by the method of Al substitution, and in 
order to increase the catalyst activity, it is necessary to 
ensure that there is substitution. As in the case of the 
method according to the comparative example, no Al- 
substituted Ti0 2 powder could be obtained by simply 
performing spray pyrolysis of a mixed solution of Ti 4+ and 
Al 3+ , and it was clear that unless a method is used to 
perform spray pyrolysis of a water-soluble composite 
carboxylic acid ester complex oligomer solution that was 
obtained by forcing a reaction between (a) 
oxypolycarboxylic acid, (b) a polyol compound and (c) a 
composite alkoxide with a ( -Ti-O-Al-O-Ti- ) chemical bond as 
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according to the method of the present invention, it will 
not be possible to obtain a Ti0 2 powder with Al substitution. 

(0019) The method according to the present invention is a 
manufacturing method for a Ti0 2 powder that has 
characteristics that are not seen in the prior art, in 
which the TiO 2 powder that is generated as a result of self- 
chemical breakdown activity will automatically be made 
finer, resulting in a fine powder. Table 4 shows the 
results for the crystalline phase of the Ti0 2 powder when 
changing the pyrolysis temperature. 

(0020) 

(Table 4) 



Pyrolysis temperature (°C) 


Crystalline phase of the Ti02 
powder 


550 


Anatase 


600 


Anatase 


650 


Anatase 80% + rutile 20% 


750 


Rutile 


850 


Rutile 



(0021) As is clear from the results shown in Table 4, while 
it is possible to freely synthesize 100% anatase, a mixture 
of anatase and rutile, or 100% rutile Ti0 2 powder for the 
crystalline form of the Ti0 2 powder that will be obtained by 
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changing the pyrolysis temperature, when performing 
pyrolysis of TiC±4, it is possible to synthesize a mixture 
of anatase and rutile or a 100% rutile Ti0 2 powder, but it 
is not possible to synthesize a 100% anatase Ti0 2 powder. 
Also, while there is a method to synthesize fine Ti0 2 powder 
using hydrothermal treatment as a synthesis technique for 
Ti0 2 powder, when using this method, there is the problem 

/6 

that there will be partial generation of a brookite phase. 
The sequence for the strength of photocatalyst activity is 
anatase > rutile >> brookite, and the generation of a 
brookite phase is lethal for a photocatalyst, so it is 
difficult to claim that a synthesis method using 
hydrothermal treatment is a good method. When looking at 
the amount of hydrogen generated from the Ti0 2 powder that 
received no Al doping, the results ran in the sequence of 
the Ti0 2 powder with Al-0 mol% according to the present 
invention > the p-25 Ti0 2 powder, but approximately 20% of 
rutile material is contained within the p-25 Ti0 2 powder, 
whereas no rutile material is contained within the Ti0 2 
powder obtained using the method according to the present 
invention, and it is believed that this difference can be 
seen in the photocatalyst activity. 
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(0022) Measurements were made of the amount of hydrogen gas 
generated from the Ti0 2 powder that was obtained using the 
method according to the present invention, the p-25 Ti0 2 
powder, the Ti0 2 powder that was obtained through 
hydrothermal treatment, and the Ti0 2 powder that was 
obtained using the sulfuric acid method. Table 5 shows a 
comparison of the photocatalyst activity for these 
materials . 
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(0023) 
(Table 5) 





Amount of hydrogen 
generated (mM/m 2 /H) 


Crystalline phase 
of the Ti0 2 powder 


According to the 
present invention 


0.49 


Anatase 


p-25 


0.47 


Anatase 80% + 
rutile 20% 


According to 
hydrothermal 
treatment 


0.08 


Anatase + small 
amount of brookite 


According to the 
sulfuric acid 
method 


0 . 12 


Anatase 



(0024) As is clear from the results shown in Figure 5, the 
Ti0 2 powder that was obtained through hydrothermal treatment 
showed the lowest photocatalyst activity, and it is clear 
that the small amount of the brookite phase resulted in a 
reduction in the photocatalyst activity. Based on these 
facts, it is clear that, for a Ti0 2 powder with high 
photocatalyst activity, it is preferable to use a 100% 
anatase Ti0 2 powder that contains no rutile or brookite 
phase . 
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(0025) 

(Effect of the invention) According to the present 
invention, it is possible to manufacture a Ti0 2 powder for 
use in photochemical reactions with a dramatically high 
catalyst activity per unit area. 
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